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® Elastomers and products having reduced hysteresis. 

© An anionic polymerization initiator comprising the reaction product of a functionalizing agent selected from 
the group consisting of substituted aldimines, ketimines and secondary amines and, an organolithium compound. 
Elastomeric polymers prepared with these initiators have functional sites incorporated at the initiator end of the 
polymer chain and provide vulcanizable rubber compounds exhibiting reduced hysteresis. Articles such as tires, 
produced with low hysteresis elastomeric polymers have lower rolling resistance. Methods are also provided for 
preparing the initiators, functionalized polymers and vulcanizable elastomeric compounds having reduced 
hysteresis. 
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TECHNICAL FIELD 

The subject invention relates to the anionic polymerization of diene polymer and copolymer elastomers. 
More specifically, the present invention relates to anionic polymerization employing an initiator formed by 
5 the reaction of a functionalizing agent and an organolithium compound. 

Diene polymers and copolymers prepared according to the present invention, have reduced hysteresis 
characteristics. Articles such as tires, power belts and the like which are prepared from these polymers 
exhibit increased rebound, decreased rolling resistance and less heat build-up during mechanical stress 
operations. 

10 

BACKGROUND ART 

In the art it is desirable to produce elastomeric compounds exhibiting reduced hysteresis. Such 
elastomers, when compounded to form articles such as tires, power belts and the like, will show an increase 
15 in rebound, a decreased rolling resistance and will have less heat build-up when mechanical stresses are 
applied. 

Previous attempts at preparing reduced hysteresis products have included high temperature mixing of 
the filler-rubber mixtures in the presence of selectively-reactive promoters to promote compounding 
material reinforcement; surface oxidation of the compounding materials; chemical modifications to the 

20 terminal end of polymers using tetramethyldiaminobenzophenone (Michler's ketone), tin coupling agents 
and the like and, surface grafting thereon. All of these approaches have focused upon increased interaction 
between the elastomer and the compounding materials. 

It has also been recognized that carbon black, employed as a reinforcing filler in rubber compounds, 
should be well dispersed throughout the rubber in order to improve various physical properties. One 

25 example of the recognition is provided in published European Pat Appln. EP 0 316 255 A2 which discloses 
a process for end capping polydienes by reacting a metal terminated polydiene with a capping agent such 
as a halogenated nitrile, a heterocyclic aromatic nitrogen containing compound or an alkyl benzoate. 
Additionally, the application discloses that both ends of the polydiene chains can be capped with polar 
groups by utilizing functionalized initiators, such as lithium amides. 

30 The present invention provides novel initiators for anionic polymerization which become incorporated 
into the polymer chain providing a functional group which greatly improves the dispersability of carbon 
black throughout the elastomeric composition during compounding. As will be described hereinbelow, these 
initiators are a product of the reaction between certain types of nitrogen-containing organic compounds and 
organolithium compounds. 

35 Organolithium polymerization initiators are also known in the art. U.S. Pat No. 3,439,049, owned by the 
Assignee of record, discloses an organolithium initiator prepared from a halophenol in a hydrocarbon 
medium. 

U.S. Pat. No. 4,015,061 is directed toward amino-functional initiators which polymerize diene monomers 
to form mono- or di-primary aryl amine-terminated diene polymers upon acid hydrolysis. 

40 

DISCLOSURE OF THE INVENTION 

It is therefore an object of the present invention to provide anionic polymerization initiators which 
promote the incorporation of functional, active groups in the polymer chain. 
45 It is another object of the present invention to provide a method of preparing an anionic polymerization 
initiator. 

It is another object of the present invention to provide functionalized polymers having active terminal 
groups. 

It is another object of the present invention to provide a method for preparing functionalized polymers 
50 having active terminal groups. 

It is another object of the present invention to provide vulcanizabie elastomeric compounds having 
reduced hysteresis. 

Still another object of the present invention is to provide a method for the preparation of vulcanizabie 
elastomeric compounds having reduced hysteresis. 
55 It is still another object of the present invention to provide an improved pneumatic tire having decreased 
rolling resistance. 

These and other objects together with the advantages thereof over the existing art, which shall become 
apparent from the specification which follows, are accomplished by the invention as hereinafter described 

2 
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and claimed. 

In general, the present invention provides an anionic polymerization initiator comprising the reaction 
product of a functionalizing agent selected from the group consisting of substituted aldimines, ketimines and 
secondary amines; and, an organolithium compound. 
5 A method of preparing an anionic polymerization initiator is also provided which comprises the steps of 
reacting a functionalizing agent selected from the group consisting of substituted aldimines, ketimines and 
secondary amines; and an organolithium compound. 

The present invention also provides functionalized polymers comprising a polymer chain carrying the 
functional group X at the initiator end, wherein X is derived from the reaction product of a functionalizing 
10 agent selected from the group consisting of substituted aldimines, ketimines and secondary amines; and, an 
organolithium compound, and the lithium atom from the organolithium compound is carried at the other end 
of the polymer chain prior to quenching. 

A method of preparing fyoctionalized polymers is also provided which comprises the steps of forming a 
solution of one or more anionically poiymerizable monomers in a solvent and, initiating the polymerization of 
15 the monomers with an initiator comprising the reaction product of a functionalizing agent selected from the 
group consisting of substituted aldimines, ketimines and secondary amines; and an organolithium com- 
pound, wherein a functional group derived from the reaction product is incorporated onto the polymer chain 
at the initiator end and the lithium atom from the organolithium compound is carried at the other end of the 
polymer prior to quenching. 

20 A vulcanizabfe elastomeric compound having reduced hysteresis properties is also provided comprising 
an elastomeric polymer having chains carrytag the functional group X at the initiator end, wherein X is the 
reaction product of a functionalizing agent selected from the group consisting of substituted aldimines, 
ketimines and secondary amines; and an organolithium compound, wherein the lithium atom from the 
organolithium compound is carried at the other end of the polymer chain prior to quenching. The compound 

25 additionally comprises from about 5 to 80 parts by weight of carbon black, per 100 parts of the polymer. 

A method for preparing vulcanizable elastomeric compounds having reduced hysteresis properties is 
also provided which comprises the steps of polymerizing one or more anionically poiymerizable monomers 
in the presence of an initiator comprising the reaction product of a functionalizing agent selected from the 
group consisting of substituted aldimines, ketimines and secondary amines; and an organolithium com- 

30 pound to form an elastomer, wherein a functional group derived from the reaction product is incorporated 
onto the polymer chain at the initiator end and the lithium atom from the organolithium compound is carried 
at the other end of the polymer prior to quenching; and adding from about 5 to 80 parts by weight of carbon 
black, per 100 parts of the elastomer to form a blend of the vulcanizable elastomeric composition. 

An improved tire having decreased rolling resistance resulting from a tread stock containing a 

35 vulcanizable elastomeric composition is also provided and comprises an elastomeric polymer having chains 
carrying the functional group X at the initiator end, wherein X is the reaction product of a functionalizing 
agent selected from the group consisting of substituted aldimines, ketimines and secondary amines; and an 
organolithium compound, wherein the lithium atom from the organolithium compound is carried at the other 
end of the polymer chain prior to quenching; and from about 5 to 80 parts by weight of carbon black, per 

40 100 parts of the polymer. 

PREFERRED MODE FOR CARRYING OUT THE INVENTION 

As will become apparent from the description which follows, the present invention provides a novel 
45 initiator for anionic polymerization of diene homopolymer and copolymer elastomers. Polymers prepared 
with these initiators contain a functional terminal group and it has been discovered herein that vulcanizable 
elastomeric compounds and articles thereof based upon such functionally terminated polymers exhibit 
useful properties, particularly reduced hysteresis. Hysteresis is generally known as the failure of a property 
that has been changed by an external agent to return to its original value when the cause of the change is 
so removed. When compounded to make products such as tires, power belts and the like, these polymeric 
products exhibit increased rebound, decreased rolling resistance and less heat build-up during periods of 
applied mechanical stress. 

The initiators, according to the present invention, are the reaction product of an organolithium 
compound and a functionalizing agent selected from the group consisting of substituted aldimines, 
55 substituted ketimines and substituted secondary amines. The organolithium compound has the general 
formula RLi where R is selected from the group consisting of alkyls, cycloalkyls, alkenyls, alkynyls, aryls 
and aralkyls having from 1 to about 20 carbon atoms and short chain length low molecular weight polymers 
from diolefin and vinyl aryl monomers having up to about 25 units. Typical alkyls include n-buty(, s-butyl, 

3 
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methyl, ethyl, isopropyl and the like. The cycloalkyls include cyclohexyi, menthyf and the like. The alkenyls 
include ailyl, vinyl and the like. The aryl and aralkyl groups include phenyl, benzyl, oligo(styryi) and the like. 
Exemplary short chain length polymers include the oiigo(butadienyls), oiigo(isoprenyls), o!igo(styryls) and 
the like. 

5 The substituted imine or "Schiff base" is known in the art as being a compound nominally derived from 
the condensation reaction of an aldehyde or ketone with a primary amine. For the purpose of this invention, 
tie substituted aldimine has the general formula 



10 




15 where Ri is selected from the group consisting of aikyls and aralkyls having from 1 to about 20 carbon 
atoms, with the proviso that the carbon atom adjacent the nitrogen atom contains at least one hydrogen; 
and R 2 is selected from the group consisting of dialkyl and dicycloalkyl aminos having the formula 



20 




R 4 



25 and cyclic amines having the formula 



30 



R 5 N- 



where R* is an alkyl, cycloalkyl or aralkyl group having from 1 to about 12 carbon atoms, where both R* 
groups may be the same or different, and R s contains from 3 to about 6 methylene groups. R 3 can be an 

35 alkyl group having from 1 to about 12 carbon atoms and n is a integer from 0 to 4. 

Exemplary Ri groups include methyl, ethyl, butyl, octyl, 3-phenyl-1 -propyl and the like. Exemplary Ffe 
groups, where R* is methyl, ethyl or cyclohexyi for instance, include dimethyl amino, diethyl amino and 
dicyciohexyl amino, respectively. Exemplary R 2 groups are piperidinyl where Rs is (CH 2 ) 5 and pyrrolidinyl 
where R 5 is (CH 2 ) 4 . Exemplary R 3 groups include methyl, ethyl, propyl and the like. 

40 The substituted ketimines formed by the reaction of a ketone with a primary amine that can be reacted 
with the organolithium compound have the formula 



45 



cO)- c - n - r i 

(*3)n f 



so where Ri and R 2 are as described hereinabove and R G is selected from the group consisting of aikyls, 
aryls, cycloalkyls, alkenyls and aralkyls having from 1 to about 20 carbon atoms and short chain length low 
molecular weight polymers from diolefin and vinyl aryl monomers having up to about 25 units. Exemplary 
aikyls include methyl, ethyl, isopropyl, n-hexyl and the like. Exemplary cycloalkyls include cyclohexyi and 
cyclopentyl and the like. Exemplary vinyl aryls include phenyl and dimethylamino phenyl and the like. 

55 Exemplary aralkyls include 3-pheny 1-1 -propyl and the like. Exemplary alkenyls include 3-butenyl and 5- 
hexenyl and the like. 

The substituted secondary amines that can be reacted with the organolithium compound have the 
general formula 



4 



ISDCCID: <EP 0451603A2J_> 



EP^) 451 603 A2 



15 



25 



30 



35 



40 



45 



R 2 H H 

5 <*3>ir R 7*l 

where Ri , R2 and R3 are as described hereinabove and R7 is H or R. 

Of the foregoing functionalizing agents disclosed, the substituted aldimines are preferred. Examples of 
w such substituted aldimines useful in the present invention include dimethyiaminobenzylidenemethylamine, 
or (DMa)BMA, 



CH 3 H 



CH 3 

20 diethyiaminobenzylidenemethyiamine, 



X N-^0)-C-N-CH3 



CH3CH2 H 
CH3CH2 



piperidinylbenzylidenemethylamine, 



XX 

<^N-<Q>-C-N-CH 3 and 



dimethylaminobenzylidenebutylamine, 



CH 3 H 

" :y ""^Q^" , ' CaBN " >CH 2 cg 2 CH 2 CH 3 



CH 3 




The initiator according to the present invention can be prepared by preparing a solution of the 
substituted aldimine Schiff base, substituted ketimine or substituted secondary amine in an anhydrous, 
aprotic solvent, such as hexane. To this solution is then added the organolithium catalyst (RLi) in the same 
or a similar solvent. Both are allowed to react for approximately one hour at ambient temperature {25 to 

50 30* C), following which the catalyst is ready for use. It is not necessary to remove the solvent inasmuch as 
the anionic polymerization is conducted in the same solvent Amounts of the two reactants range from about 
0.8 to 1.2 mmoles of Schiff base to 1.0 mmole of organolithium catalyst, with equimoiar parts being 
preferred. It is to be appreciated by one skilled in the art that various reaction temperatures and times may 
be useful and are within the scope of the present invention. 

55 As stated above, the initiator thus formed may be employed as an initiator to prepare any anionically- 
polymerized elastomer, e.g., polybutadiene, polyisoprene and the like, and copolymers thereof with 
monovinyl aromatics such as styrene, alpha methyl styrene and the like, or trienes such as myrcene. Thus, 
the elastomers include diene homopolymers, A and copolymers thereof with monovinyl aromatic polymers, 
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B. Exemplary diene homopoiymers are those prepared from diolefin monomers having from 4 to about 12 
carbon atoms. Exemplary vinyl aromatic polymers are those prepared from monomers having from 8 to 
about 20 carbon atoms. Preferred elastomers include diene homopoiymers such as polybutadiene and 
polyisoprene and copolymers such as styrene butadiene rubber (SBR). Copolymers can comprise from 
5 about 99 to 20 percent by weight of diene units and from about 1 to 80 percent by weight of monovinyl 
aromatic or triene units, totalling 100 percent The polymers and copolymers of the present invention may 
have 1,2-microstructure contents ranging from about 10 to about 80 percent, with the preferred polymers or 
copolymers having 1,2-microstructure contents of from about 25 to 65 percent, based upon the diene 
content. 

10 The copolymers are preferably random copolymers which result from simultaneous copolymerization of 
the monomers forming the A and B polymers, as is known in the art. The block copolymers (poly (b-B-b-A- 
b-B), result from the separate polymerization of the monomers forming the A and B polymers as is known 
in the art. Such block copolymers which include poiy(styrene-butadienestyrene) are thermoplastic 
elastomers. 

75 The Initiators of the present invention form "living polymers" from the foregoing monomers, the general 
formula of which is 

X — polymer ~ Li 

20 where the polymer is any of the foregoing diene homopoiymers, monovinyl aromatic homopoiymers, 
diene/monovinyl aromatic random copolymers and block copolymers and X is the group resulting from the 
reaction product of the substituted imine, secondary amine or ketimine and the organolithium initiator. The 
lithium proceeds to move down the growing chain as polymerization continues. As an example where the 
substituted imine is (DMa)BMA, and RLi is n-butyl lithium, X is 



and the polymer chain extends from the methylamine nitrogen. It should be apparent that the lithium atom 

from the reaction product X is carried by the other end of the polymer chain as depicted hereinabove, until 
35 the reaction is quenched. 

Polymerization is usually conducted in a conventional solvent for anionic polymerizations such as 

hexane, cycldhexane, benzene and the like. Other techniques for polymerization, such as semi-batch and 

continuous polymerization may be employed. In order to promote randomization in copolymerization and to 

increase vinyl content, a modifier may optionally be added to the polymerization ingredients. Amounts 
40 range between 0 to 90 or more equivalents per equivalent of lithium. The amount depends upon the amount 

of vinyl desired, the level of styrene employed and the temperature of the polymerizations, as well as the 

Schiff base selected to form the initiator. 

Compounds useful as modifiers are organic and include those having an oxygen or nitrogen hetero- 

atom and a non-bonded pair of electrons. Examples include dialkyl ethers of mono and oligo alkylene 
45 glycols; "crown" ethers; tertiary amines such as tetramethyiethylene diamine (TMEDA); tetrahydrofuran 

(THF), THF oligomers linear and cyclic oligomeric oxolanyl alkanes and the like. The linear oligomeric 

oxoianyi modifiers are represented by the structural formulae 



25 



30 




55 
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70 



75 



20 



R 3 ' 
R 4 









]— 


\ 






R5 



R 2 



Ri 



R 4 



R 5 



•*3 



and 



R 4 



R 5 



C — 
I 

Ri 



/ 

R 4 



R 5 



»2 

. C — 



25 wherein Ri and R2 independently are hydrogen or an alkyl group and the total number of carbon atoms in 
«CRi R2- ranges between one and nine inclusive; y is an integer of 1 to 5 inclusive; y' is an integer of 3 to 5 
inclusive; and R3 f , R3, R*, and Rs independently are -H or -C„H 2n +i wherein n = 1 to 6. 

The modifiers of the first formula are linear oligomers and the modifiers represented by the second 
structural formula are cyclic oligomers and further details thereof can be found in U.S. Pat. No. 4,429,091 , 
30 owned by the Assignee of record, the subject matter of which is incorporated herein by reference. 

Polymerization is begun by charging a blend of the monomer(s) and solvent to a suitable reaction 
vessel, followed by the addition of the modifier and the initiator solution previously described. The 
procedure is carried out under anhydrous, anaerobic conditions. The reactants are heated to a temperature 
of from about 30° to 120° C and are agitated for about 0.15 to 24 hours. After polymerization is complete, 
35 the product is removed from the heat and terminated in one or more ways. 

For example, a protic quenching agent may be employed to give a monofunctional polymer chain. 
Quenching may be conducted in water, steam or an alcohol such as isopropanol, or any other suitable 
method. 

Alternatively, the polymer may be terminated with another reactive molecule to form a difunctional 
40 polymer. An example would be to quench with the Schiff base dimethylaminobenzylidenemethylamine. 
Other examples would include tin tetrachloride; Mtchler's ketone; 1 f 3-dimethyl-2-imidazolidinone; 1-alkyi 
substituted pyrrolidones, e.g., methyl, 1 -methyl-2-pyrrolidone, ethyl, propyl, butyl and the like; 1-aryl 
substituted pyrrolidones, e.g., phenyl, and the like; other Schiff bases and the like. 

Further examples of reactive molecules include the terminators described in our copending application 

45 Ser. No. (Docket No. 8806033), the subject matter of which is incorporated by reference 

herein. It is to be understood that practice of the present invention is not limited solely to these terminators 
inasmuch as other compounds that are reactive with the polymer bound carbon-lithium moiety can be 
selected to provide a desired functional group. 

Quenching is usually conducted by tumbling the polymer and quenching agent for about 0.05 to about 
50 2 hours at temperatures of from about 30* to 120* C to insure complete reaction. Polymers terminated 
with a functional agent such as a Schiff base and the like, are subsequently quenched with alcohol or other 
quenching agent as described hereinabove. 

Lastly, the solvent is removed from the polymer by drum drying, extruder drying, vacuum drying or the 
like, which may be combined with coagulation with water, alcohol or steam. If coagulation with water or 
55 steam is used, oven drying may be desirable. 

The polymers of the present invention contain a functional group at the head of the polymer chain 
rather than at the terminal end of the chain. These functional groups have an affinity for compounding 
materials such as carbon black. Such compounding results in products exhibiting reduced hysteresis, which 
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means a product having increased rebound, decreased roiling resistance and has lessened heat build-up 
when subjected to mechanical stress. Products including tires, power belts and the like are envisioned. 
Decreased rolling resistance is, of course, a useful property for pneumatic tires, both radial as well as bias 
ply types and thus, the vulcanizable elastomeric compositions of the present invention can be utilized to 

5 form treadstocks for such tires. 

The polymers of the present invention can be utilized as 100 parts of the rubber in the treadstock 
compound or, they can be blended with any conventionally employed treadstock rubber which includes 
natural rubber, synthetic rubber and blends thereof. When the polymers of the present invention are 
blended with conventional rubbers, the amounts can vary widely with a lower limit comprising about 10 to 

io 20 percent by weight of the total rubber. It is to be appreciated that the minimum amount will depend 
primarily upon the degree of reduced hysteresis that is desired. 

The polymers can be compounded with ail forms of carbon black in amounts ranging from about 5 to 
80 parts by weight, per 100 parts of rubber (phr), with about 35 to 60 phr being preferred. The reinforced 
rubber compounds can be cured in a conventional manner with known vulcanizing agents at about 0.1 to 10 

75 phr. For a general disclosure of suitable vulcanizing agents one can refer to Kirk-Othmer, Encyclopedia of 
Chemical Technology , 3rd ed., Wiley Interscience, N.Y. 1982, Vol. 20, pp. 365-468, particularly 
"Vulcanization Agents and Auxiliary Materials" pp. 390-402. Vulcanizing agents can be used alone or in 
combination. 

Vulcanizable elastomeric compositions of the invention can be prepared by compounding or mixing the 
20 functionalized polymers herein with carbon black and other conventional rubber additives such as fillers, 
plasticizers, antioxidants, curing agents and the like using standard rubber mixing equipment and proce- 
dures. Such elastomeric compositions when vulcanized using conventional rubber vulcanization conditions 
have reduced hysteresis properties and are particularly adapted for use as tread rubbers for tires having 
reduced rolling resistance. 

25 

General Experimental 

In order to demonstrate the preparation and properties of elastomers prepared according to the present 
invention, a functional initiator was prepared by treating dimethylaminobenzylidenemethylamine with n-butyi 

30 lithium at 25° C under an inert atmosphere. The initiator was then used to prepare a styrenebutadiene 
elastomer in solution and under an inert atmosphere, using a modifier to randomize the monomers. The 
termination reaction involved quenching with either isopropanol or with a second equivalent of 
dimethylamihobenzylidenemethylamine arid then isopropanol. As noted above, various techniques known in 
the art for carrying out polymerizations may be used with these initiators without departing from the scope 

35 of the present invention. 

Initiator Preparation 

Into a baked-dry, nitrogen purged bottle was syringed a solution comprising 10.0 mmoles of the Schiff 
40 base (DMa)BMA or benzylidenemethylamine (BMA) in dry hexane. To this solution was added 10.0 mmoles 
of n-butyl lithium/hexane solution. The components were allowed to react at 25" C for one hour. 

Polymerization 

45 A dry blend of 1 ,3-butadiene/styrene/hexane was charged to glass, baked-dry, nitrogen purged bottles, 
capped with rubber liners. Parts of each component were varied among examples, details of which appear 
in the tables which follow. Next was added a modifier and the initiator followed by immediate stirring while 
maintaining the temperature between 50° and 80* C for about 1 to 8 hours. Initiation was conducted with 
n-butyl lithium, as a control, with initiators of the present invention. 

so After polymerization was complete, the reactions were quenched with isopropyl alcohol or a additional 
Schiff base of the present invention to provide, in the latter instance, a difunctional polymer chain. 
Quenching was actually conducted by adding the desired agent and then agitating the cement. Thereafter, 
the polymer was desolventized by coagulation in isopropyl alcohol, followed by drum-drying at 150* C 
before subsequent compounding and testing of cured physical properties. 

55 In the examples which follow, 10 SBR copolymers were prepared by polymerizing butadiene (Bd) with 
styrene (Sty) in the presence of hexane according to the foregoing procedures. Amounts of the monomers, 
solvent and initiator are presented in Tables l-IV. An oligomeric oxolanyl alkane modifier, as described in 
the aforementioned U.S. Pat. No. 4,429,091 , was added to randomize the styrene distribution. The modifier 
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was also helpful to raise the vinyl content of the polymer formed. The amount of modifier that was 
employed and the temperature of the polymerization for each of the examples are presented in Tables I to 
IV. 

Examples 1-4 were polymerized at 50° C for 5.5 to 6.2 hours as reported in Tables I and II. Example 1 
5. was initiated with n-butyi lithium and quenched with the Setoff's base (DMa)BMA. Example 2 was initiated 
with the reaction product of the Schiff s base BMA and n-butyl lithium, and quenched with isopropyl alcohol. 
Example 3 was initiated with the initiator of the present invention, the preformed adduct of (DMa)BMMv 
butyl lithium, and was quenched with isopropyl alcohol. Example 4 was initiated with n-butyi lithium and 
quenched with isopropyl alcohol. Thus, Example 4 was a control, characterizing conventional anionic 
io polymerization, and Example 3 demonstrated use of an initiator according to the present invention. The 
remaining Examples, 1 and 2 were provided as further comparisons against the present invention. Polymer 
analyses were conducted by GPC to provide molecular weight values and by NMR to provide amounts of 
1,2 and 1,4 content of the diene units, expressed as a percent, as well as the percents of bound styrene 
and styrene block. Tg was determined by DSC. 
75 Examples 5-10 were polymerized at 80° and 50° C for 1.6 and 6 hours, respectively, as reported in 
Tables III and IV. Examples 4, 5 and 10 are controls, initiated with n-butyl lithium and quenched with 
isopropyl alcohol. Examples 6-9 were initiated with the preformed catalyst of the present invention, which 
had been aged 4 days at 25° C, and were quenched with isopropyl alcohol or (DMa)BMA, as noted in the 
Tables. Polymer analyses were again conducted and have been reported at the bottom of Tables III and IV. 

20 

TABLE I 

Preparation of SBR Copolymers Using Schiff Base Initiators 



25 




Polymer 1 


Polymer 2 




Bd/Sty/hexane (g) 


203.2 


208.0 




Bd/Sty(g) 


522. 


533 


30 


Initiator 


n-BuLi a 


BMA/n-Buli 




Initiator (mmoles) 


037 


038 




Modifier* 5 


0.10 


0.10 


35 


Hours at 50° C 


55 


53 




Quench 


(DMa)BMA 


i-PrOt 




(mmoles) 


0.4 


220,933 




Mn 


157,293 


40 


Mw 


184327 


351,988 




Mw/Mn 


1.17 


139 




Tg,°C 


-44.9 


-27.7 


45 




38.4 


51.1 




%l,4 


37.4 


24.6 




% bound Sty 


24.2 


243 


SO 


% block Sty 


0 


0 




a) n-butyl lithium 






55 


b) mmoles of hetero atom 








c) isopropyl alcohol 
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TABLE II 

Preparation of SBR Copolymers Using Schiff Base Initiators 



70 



15 



20 



25 



30 



Bd/Sty/hexane (g) 

Bd/Sty(g) 

Initiator 

Initiator (mmoles) 

Modifier 0 

Hours at 50° C 

Quench 

Mn 

Mw 

Mw/Mn 
Tg,°C 
%L2 
%1,4 

% bound Sty 
% block Sty 



Polymer 3 
203.2 
522. 
(DMa)BMA/ 
n-BuIi a 
035 
0.10 
6.2 

i-PrOH c 
166,150 
231,798 
1.40 
-33.4 
455 
30.0 
245 
0 



Polymer 4 
203.7 
52,4 
n-BuLi 

037 
0.10 
62. 

i-PrOH 
152,786 
175,883 
L15 
-45.1 
34.7 
41.1 



35 



a) n-butyl lithium 

b) mmoles of hetero atom 

c) isopropyl alcohol 



40 



50 



55 
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TABLE HI 

Preparation of SBR Copolymers Using Schiff Base Initiators 





Polymer 5 


Polymer 6 


Polymer 7 


Bd/Sty/bexane (g) 


2053 


213.9 


215.9 


Bd/Sty (g) 


52.8 


54.9 


55.5 


Initiator 


n-BuLi a 


(DMa)BMA/ 


(DMa)BMA/ 






n-BuLi 


n-BuLi 


Initiator (mmoles) 


037 


038 


038 


Modifier 0 


033 


034 


034 


Hours at 80° C 


1.6 


1.6 


1.6 


Quench 


i-PrOH c 


i-PrOH 


(DMa)BMA 


(mmoles) 






0.73 


Mn 


152,978 


134396 


134,854 


Mw 


195,963 


219,634 


222,496 


Mw/Mn 


1.28 


1.63 


1.65 


Tfe'C 


-543 


-50.1 


-49.2 


%12 


33.0 


34.9 


35.0 


%1,4 


42.2 


4L2 


41.1 


% bound Sty 


24.7 


23.9 


23.9 


% block Sty 


33 


1 


0 



a) n-butyl lithium 

b) mmoles of hetero atom 

c) isopropyl alcohol 
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TABLE IV 

Preparation of SBR Copolymers Using Sdriff Base Initiators 



Bd/Sty/bexane (g) 
Bo/Sty <g) 
Initiator 

Initiator (mmoles) 



Hours at 50° C 

Quench 

(mmoles) 

Mn 

Mw 

Mw/Mn 
Tg,°C 
%L2 
%1A 

% bound Sty 
% block Sty 



204.4 
525 
(DMa)BMA/ 
n-Buli 
0.46 
0.10 
6 

i-PrOH c 

185,482 
252,234 

136 
-32.7 
47.2 
27.6 
25.2 

0 



2115 
54.4 
(DMa)BMA/ 
n-Buli 
0.48 
0.10 
6 

(DMa)BMA 
0.60 
191,192 
251,046 

131 
-343 
44.7 
30.6 
24.8 

0 



10 
186.9 
48.0 
n-BuLi* 

034 
0.10 
6 

i-PrOH 

161,682 
193,185 

1.19 
-44J5 
36.7 
39.0 
243 

0 



a) n-butyl lithium 

b) mmoles of hetero atom 

c) isopropyl alcohol 



Polymers 1-10 were next compounded and cured, following which physical properties were examined. 
These have been provided in Tables V-VIII and include Tan S, a measure of hysteresis; stress-strain 
properties; 300% modulus, tensile strength, and elongation at break; and Mooney viscosity. Tan 5 was 
conducted at 50° C using a Dynastat, at 1 Hz. It is a measure of the ratio of the loss modulus of the 
compound to the storage modulus and it has been found that the lower the magnitude of tan 5, the lower is 
the hysteresis of the compound. 

The recipe for the 10 polymer compounds, reported as Examples 11-20, is given below as Stock A 
which is a conventional rubber formulation for tires. Polymer added was 100 parts by weight for each 
example which employed one of the polymers reported as Polymers 1-10. Remaining components were 
employed on a parts per 100 parts of rubber basis, or phr. The rubber compounds were vulcanized for 35 
minutes at 148° C. 
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STOCK A 

Polymer (1-10) 100 
Naphthemcoil 10 



Carbon black 



15 Accelerator 



55 



Zinc oxide 3 

Antioxidant 1 

Wax 2 

Stearic acid 2 

Sulfur 15 



1755 



20 



25 



30 



35 



40 



45 



50 



55 
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TABLE V 

Hysteresis Prop;* ties of Rubber Compounds 
Containing Polymers 1-10 





Example No, 


Polymer (Ex. No.) 


Tang 


ftATanf 




11 


1 




0.1110 


-185 


10 


12 


2 




0.1244 


- 8.7 




13 


3 




0.0974 


-285 




14 


4 




0.1362 




15 


15 


5 




0.1150 






lo 


6 




0.0979 


-14.9 




17 


7 




0.1045 


- 9.1 


20 


18 


8 




0.0934 


-18.9 


19 


9 




0.0801 


•305 




20 


10 




0.1152 




25 






TABLE VI 










Stress Strain Properties of Rubber Compounds 


30 




Containing Polymers 1-10 










300% modulus Tensile 


% Elongation 




Example No, 


Polymer-Ex, No, 


pa 


psi 


at break 




11 


l 


2257 


2912 


368 


12 


2 


2097 


2795 


370 




13 


3 


2246 


2869 


361 




14 


4 


2033 


2810 


392 


40 


15 


5 


1628 


2062 


357 




16 


6 


2035 


3035 


409 




17 


7 


1748 


2729 


425 


45 


18 


8 


2052 


2643 


364 




19 


9 


2142 


2913 


372 




20 


10 


1721 


2421 


393 



50 



55 
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TABLE VII 
Mooney Viscosity of Rubber Compounds 
Containing Polymers 1-10 



PolvmerNo. 


Example No. 


MLt<®lQ0°C 


1 


11 


102 


70 j 


12 


105 


3 


13 


131 


4 


14 


85 


75 5 


15 


893 


6 


16 


106 


7 


17 


1073 


8 
9 


18 


136.5 


19 


1263 


10 


20 


87.0 



25 With respect first to the data provided in Table V, and Examples 11-14, the tan 5 for Example 14, 
containing Polymer 4 the control was 0.1362. Inasmuch as a lower value indicates improved hysteresis, it 
can readily be noted that Example 13, containing Polymer 3, prepared with an initiator of the present 
invention, showed a most favorable improvement in hysteresis. The remaining polymers, 1 and 2 provided 
other values. Example 1 1 , containing polymer 1 , a medium vinyl styrene/butadiene rubber (SBR) which was 

30 quenched by reaction with dimethylaminobenzylidenemethylamine, (DMa)BMA, showed a reduction in 
hysteresis compared to the control of Example No. 14. This shows that the Schiff base has effectiveness in 
reducing hysteresis when incorporated at the end of the chain as is disclosed in our copending application 
Sen No. (Docket No. 8806033). The terminators disclosed therein can be utilized for this 

purpose and are incorporated herein by reference. The extent of hysteresis reduction was not as great as 

35 that of Example No. 13, because some "living" OLi chain ends were lost during the course of the 
polymerization due to side reactions. As a result, not ail chains in Polymer 1 were carrying the Schiff base. 

Example No. 1 2 contained Polymer 2, which was prepared according to the present invention, except 
that the Schiff base used did not contain a tertiary amino substituent on the phenyl ring. A small reduction 
in tan 5 was noted in comparison to Example No. 14. However, the reduction was largely due to the fact that 

40 the molecular weight of Polymer 2 was significantly higher than that of Polymer 4. Comparing Examples 15- 
20, improved hysteresis was again demonstrated for compounds containing polymers initiated according to 
the present invention. 

In Tables VI and VII, it can be seen that 300% modulus and tensile properties were improved or at least 
as good for compounds containing polymers initiated according to the present invention compared to the 
45 use of the conventional n-butyl lithium initiator. Mooney viscosities were raised in compounds containing 
polymers initiated according to the present invention. Also, the effect of providing a terminal Schiff base can 
be studied. 

Measurements of tan S under identical conditions in a series of compounds, 21-23, containing 
unmodified medium vinyl styrene/butadiene rubber (MVSBR) polymers having closely matched structures, 
so but increasing molecular weights showed an inverse relationship between molecular weight (Mw) and tan 5, 
as reported in table VIII. 



55 
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TABLE Vm 
Hysteresis as Function of Molecular Weight 
in Unmodified MVSBR 



10 



IB 



20 



25 



30 



35 



Polymer No. 

fhTOBR Unmodified) Ma 

21 69,017 

22 108,535 

23 187,791 



Mw 
74,248 
124,437 
243,148 



Tang. 50° C 

0.2807 

0.2016 
0.1225 



It has been found that the reduction in hysteresis as achieved according to the present invention 
exceeded the results expected on the basis of molecular weight effects. An unexpected advantage of the 
present invention is the reduction in hysteresis for compositions containing a functionaiized polymer as 
described herein which, in turn, will allow the utilization of lower molecular weight elastomers which are 
more readily processable. 

As noted hereinabove, the polymers of the present invention can also be terminated with a compound 
that will provide a functional group at the terminal end, such as (DMa)BMA, to form a difunctional polymer, 
or tin tetrachloride, to couple four monofunctional polymer chains taggift&r. In order to demonstrate the 
preparation of such polymers, that is, their termination with a functional group, six polymers were prepared 
as Polymer Examples 24-29. Each comprised a medium viscosity SBR rubber (MVSBR) initiated with 
(DMa)BMA. Example 24, a control was terminated with hydrogen and hence, remained monofunctional, 
while Examples 25 and 26 were terminated with (DMa)BMA and (DMa)BA, dimethylaminoben- 
zylideneaniline, respectively. Similarly, Example 27 comprised a second control for comparison with 
Examples 28 and 29 which were terminated with 1 ,3-dimethyh2-imidazolidinone (DMI) and tin tetrachloride, 
respectively. Rubber compounds 30-32 were each prepared in a manner similar to Examples 11-20, utilizing 
Stock A and containing Polymer Examples 24-26. Each compound was prepared with 55 phr of carbon 
black. Polymer analyses and physical properties for Examples 30-32 have been reported in Table IX. 
Rubber compounds 33-35 were each prepared in a manner similar to Examples 11-20, utilizing Stock A and 
containing Polymer Examples 27-29. Each compound was prepared with 55 phr of carbon black. Polymer 
analyses and physical properties have been reported in Table X. 



40 



45 



50 



55 
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TABLE IX 

MVSBR With Terminal Functional Groups and Physical Properties 



Polymer Ex- No. 
Terminator 
Polymer analyses 
ML4, 100° C 
Mn 
Mw 

Mw/Mn 
Tg,°C 

%ia 

% Bound Sty 
% Block Sty 



24 

bopropanol 

46.0 
142,855 
197,641 
138 

40.7 
383 
20.9 
0 



2S 26 
(DMa)BMA (DMa)BA 



43.0 
139,925 
195,628 
1.40 



453 
148,934 
200,882 
135 



Compound Ex. No. 
Tan 5 

Tensile strength (psi) 
% Elongation at Break 
Compound ML* at 100" C 



2Q 

0.1006 
2825 
355 
120.2 



31 

0.0945 
2670 
325 
134.8 



22 

0.0865 
2664 
330 
155.7 
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TABLE X 

MVSBR With Terminal Functional Groups and Physical Properties 



10 



15 



20 



25 



Polymer Ex. No. 
Terminator 



Polymer analyses 

ML4,l(XrC 

Mn 

Mw 

Mw/Mn 
Tg,°C 

%1JZ 
%1,4 

% Bound Sty 
% Block Sty 



22 

Isopropanol 



43.0 
136,473 
195,709 
1.43 
-312 
42.8 
30.2 
27.0 
0 



2a 22 

DMI Snd4 
(U-Dimethyl- 
2-imidazolidinonc) 



453 
127,649 
190,658 
1.49 



141 
132,169 
261,818 
1.98 



30 



35 



Compouoding Results 

Compound Ex. No. 
Tans 

Tensile strength (psi) 
% Elongation at Break 
Compound ML4 at 100° C 



22l 

0.1102 
2858 
397 
95.0 



M 

0*1031 
2670 
320 
109.0 



25 

0.1077 
2998 
353 
110.4 



As is apparent from the data in Tables IX and X, the rubber compounds with a terminal functional group 
40 exhibited a further reduction in tan S when compounded with carbon black and vulcanized than the controls, 
Examples 30 and 33, which contained a functional group only at the initiator end (Polymer Examples 24 and 
27). 

In conclusion, it should be clear from the foregoing examples and specification disclosure that the 
initiators of the present invention are useful for the anionic polymerization of diene monomers to form 

45 homopolymers as well as copolymers with monovinyi aromatic polymers or trienes. The resulting 
elastomeric polymers have a functional group at the site of initiation and a lithium atom at the terminal, 
"living" end. After quenching, the polymers still retain the functional group at the site of initiation, which 
promotes uniform and homogeneous mixing with carbon black. As a result vulcanizable elastomeric 
compounds containing these polymers exhibit improved hysteresis which provides lower rolling resistance 

so in tires and improved fuel economy. Additionally, the lithium terminated polymers can be quenched with 
compounds to provide terminal functional groups and hence, difunctional polymer chains. 

it is to be understood that the invention is not limited to the specific Schiff bases, Le., substituted 
aidimines, substitutes ketimines, substituted secondary amines and organoiithium compounds disclosed nor 
to any particular modifier or solvent. Similarly, the examples have been provided merely to demonstrate 

55 practice of the subject invention and do not constitute limitations of the invention. Those skilled in the art 
may readily select other monomers and process conditions, according to the disclosure made hereinabove. 

Thus, it is believed that any of the variables disclosed herein can readily be determined and controlled 
without departing from the scope of the invention herein disclosed and described. Moreover, the scope of 
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the invention shall include all modifications and variations that fall within the scope of the attached claims. 



Claims 

1. An anionic polymerization initiator comprising the reaction product of: 

a functionalizing agent selected from the group consisting of substituted aldimines, ketimines and 
secondary amines; and 

an organolithium compound. 



2. An anionic polymerization initiator, as set forth in claim 1 , wherein said organolithium compound has 
the general formula RLi where R is selected from the group consisting of alkyis, cycloalkyls, alkenyls, 
alkynyls, aryls and araikyls having from 1 to about 20 carbon atoms and short chain length low 
molecular weight polymers from dioiefin and vinyl aryl monomers having up to about 25 units. 

3. An anionic polymerization initiator, as set forth in claim 2, wherein said substituted aldimine has the 
general formula 




(*3>n 



where Ri is selected from the group consisting of alkyis and araikyls having from 1 to about 20 carbon 
atoms, with the proviso that the carbon atom adjacent the nitrogen atom contains at least one 
hydrogen; R 2 is selected from the group consisting of dialkyl and dicycloalkyl aminos having the 
formula 



R 4 



and cyclic amines having the formula 



R 5 N— 



where R* is selected from the group consisting of alkyis, cycloalkyls or araikyls having from 1 to about 
12 carbon atoms, where both R*'s may be the same or different groups; R § contains from 3 to about 6 
methylene groups; R 3 can be an alkyl group having from 1 to about 12 carbon atoms and n is an 
integer from 0 to 4; 

said substituted ketimines have the formula 



(R3>n — f 
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10 

15 4. 

5. 

20 

6. 

25 

7. 

30 
35 
40 
45 



where Ri and R 2 are as described hereinabove and R e is selected from the group consisting of aikyls, 
aryls, cycloalkyls, alkenyls and aralkyls having from 1 to about 20 carbon atoms and short chain length 
low molecular weight polymers from diolefin and vinyl aryl monomers having up to about 25 units; and 
said substituted secondary amines have the general formula 



where Ri , R2 and R3 are as described hereinabove and R7 is H or R. 

An anionic polymerization initiator, as set forth in claim 3, wherein said organolithium compound is n- 
butyl lithium and said substituted aldimine is dimethylaminobenzylidenemethylamirie. 

A method of preparing an anionic polymerization initiator comprising the steps of: 

reacting a functionalizing agent selected from the group consisting of substituted aldimines, 

ketimines and secondary amines; and 
an organolithium compound. 

A method of preparing a anionic polymerization initiator, as set forth in claim 5, wherein said 
organolithium compound has the general formula RLi wherfc R is selected from the group consisting of 
aikyls, cycloalkyls, alkenyls, alkynyls, aryls and aralkyls having from 1 to about 20 carbon atoms and 
short chain length low molecular weight polymers from diolefin and vinyl aryl monomers having up to 
about 25 units. 

A method of preparing an anionic polymerization initiator, as set forth in claim 6, wherein said 
substituted aldimine has the general formula 



where Ri is selected from the group consisting of aikyls and aralkyls having from 1 to about 20 carbon 
atoms, with the proviso that the carbon atom adjacent the nitrogen atom contains at least one 
hydrogen; R 2 is selected from the group consisting of dialkyl and dicycloalkyl aminos having the 
formula 






and cyclic amines having the formula 



55 




*5 




N— 
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where R* is selected from the group consisting of alkyis, cycloalkyls or aralkyls having from 1 to about 
12 carbon atoms, where both FVs may be the same or different groups; Rs contains from 3 to about 6 
methylene groups; R 3 can be a alky I group having from 1 to about 12 carbon atoms and n is an integer 
from 0 to 4; 

5 said substituted ketimines have the formula 



R 2^/ ^ *6 



10 



(R3)n 



C»N-Ri 



where Ri and R2 are as described hereinabove and Rg is selected from the group consisting of alkyis, 
75 aryls, cycloalkyls, alkenyls and araikyls having from 1 to about 20 carbon atoms and short chain length 
low molecular weight polymers from dioiefin and vinyl aryl monomers having up to about 25 units; and 
said substituted secondary amines have the general formula 



20 




25 



where R1 , R2 and R 3 are as described hereinabove and R7 is H or R. 



8. A method of preparing an anionic polymerization initiator, as set forth in claim 5, wherein said 
organolithium compound is n-butyl lithium and said substituted aldimine is dimethyiaminoben- 

30 zylidenemethylamine. 

9. A method of preparing an anionic polymerization initiator, as set forth in claim 5, wherein said step of 
reacting includes the step of forming a solution comprising from about 0.8 to 1.2 mmoles of said 
functionalizing agent per 1 mmole of said organolithium compound in an anhydrous aprotic solvent. 

35 

10. A functionalized polymer comprising: 

a polymer chain carrying the functional group X at the initiator end, wherein X is derived from the 
reaction product of a functionalizing agent selected from the group consisting of substituted aldimines, 
ketimines and secondary amines; and an organolithium compound, and the lithium atom from said 
40 organolithium compound is carried at the other end of said polymer chain prior to quenching. 

11. A functionalized polymerias set forth in claim 10, wherein said organolithium compound has the 
general formula RLi where R is selected from the group consisting of alkyis, cycloalkyls, alkenyls, 
alkynyis, aryls and aralkyls having from 1 to about 20 carbon atoms and short chain length low 

45 molecular weight polymers from dioiefin and vinyl aryl monomers having up to about 25 units. 

12. A functionalized polymer, as set forth in claim 11, wherein said substituted aldimine has the general 
formula 

50 




ss 



where R1 is selected from the group consisting of alkyis and aralkyls having from 1 to about 20 carbon 
atoms, with the proviso that the carbon atom adjacent the nitrogen atom contains at least one 
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hydrogen; Ffe is selected from the group consisting of dialkyl and dicycioalkyl aminos having the 
formula 



5 




70 

and cyclic amines having the formula 



75 



25 



R 5 N- 



where FU is selected from the group consisting of alkyls, cycloalkyls or aralkyls having from 1 to about 
20 12 carbon atoms, where both FVs may be the same or different groups; R5 contains from 3 to about 6 
methylene groups; R3 can be an alkyl group having from 1 to about 12 carbon atoms and n is an 
integer from 0 to 4; 

said substituted ketimines have the formula 



30 



35 



where R1 and R2 are as described hereinabove and Re is selected from the group consisting of alkyls, 
aryis, cycloalkyls; alkenyls and aralkyls having from 1 to about 20 carbon atoms and short chain length 
low molecular weight polymers from diolefin and vinyl aryl monomers having up to about 25 units; and 
said substituted secondary amines have the general formula 



40 



*2 



(R3) 




H H 
C-N 
R7R1 



where R1 , R2 and R 3 are as described hereinabove and R7 is H or R. 

45 

13. A functionalized polymer, as set forth in claim 12, wherein said organolithium compound is n-butyl 
lithium and said substituted aldimine is dimethyiaminobenzylidenemethylamine. 

14. A functionalized polymer, as set forth in claim 10, wherein said polymer chain comprises homo- 
50 polymers of dioiefins and copolymers thereof with monovinyl aromatic momomers and trienes. 

15. A functionalized polymer, as set forth in claim 14, wherein said diolefin homopolymers are prepared 
from monomers selected from the group consisting of dioiefins having from about 4 to 12 carbon atoms 
and said monovinyl aromatic monomers have from 8 to 20 carbon atoms. 

55 

16. A functionalized polymer, as set forth in claim 15, wherein said monomers are butadiene and styrene. 

17. A functionalized polymer, as set forth in claim 10, further comprising a second functional group carried 
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at said other end of said polymer chain. 

18- A functionalized polymer, as set forth in claim 17, wherein said functional group is derived from a 
compound selected from the group consisting of compounds that can be incorporated onto said other 
5 end of said polymer chain by reaction at the site of the polymer bound carbon-lithium moiety. 

19. A functionalized polymer, as set forth in claim 18, wherein said compound is selected from the group 
consisting of substituted aldimines, ketimines and secondary amines; tin tetrachloride; Michler's ketone; 
1,3-dimethyl-2-imidazolidinone; 1-alkyl substituted pyrrolidinones and 1-ary I substituted pyrrolidinones. 

10 

20. A method of preparing a functionalized polymer comprising the steps of: 

forming a solution of one or more anionicaliy polymerizable monomers in a solvent; and 
polymerizing said monomers in the presence of an initiator comprising the reaction product of 
a functionalizing agent selected from the group consisting of substituted aldimines, ketimines and 
75 secondary amines; and 

a organolithium compound, wherein a functional group derived from said reaction product is 
incorporated onto said polymer at the initiator end and the lithium atom from said organolithium 
compound is carried at the other end of said polymer chain prior to quenching. 

20 21. A method of preparing a functionalized polymer, as set forth in claim 20, wherein said anionicaliy 
polymerizable monomers are selected from the group consisting of diolefins having from about 4 to 1 2 
carbon atoms and halogenated species thereof and monovinyl aromatic monomers having from 8 to 20 
carbon atoms, halogenated species thereof and trienes. 

25 22. A method of preparing a functionalized polymer, as set forth in claim 20, wherein said organolithium 
compound has the general formula RLi where R is selected from the group consisting of aikyls, 
cycloalkyls, alkenyis, alkynyls, aryls and aralkyls having from 1 to about 20 carbon atoms and short 
chain length low molecular weight polymers from dioiefin and vinyl aryi monomers having up to about 
25 units. 

30 

23. A method of preparing a functionalized polymer, as set forth in claim 22, wherein said substituted 
aidimine has the general formula 



R 2 j w H 



(R3)n ' 

40 

where Ri is selected from the group consisting of alkyls and aralkyls having from 1 to about 20 carbon 
atoms, with the proviso that the carbon atom adjacent the nitrogen atom contains at least one 
hydrogen; R 2 is selected from the group consisting of dialkyl and dicycloalkyl aminos having the 
formula 

45 

so 

and cyclic amines having the formula 

R 5 N- 
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where FU is selected from the group consisting of alkyls, cycfoalkyls or aralkyls having from 1 to about 
12 carbon atoms, where both FVs may be the same or different groups; R 5 contains from 3 to about 6 
methylene groups; R 3 can be a alkyl group having from 1 to about 12 carbon atoms and n is a integer 
from 0 to 4; 

5 said substituted ketimines have the formula 




75 



where Ri and R 2 are as described hereinabove and R G is selected from the group consisting of alkyls, 
aryis, cycloalkyls, alkenyls and aralkyls having from 1 to about 20 carbon atoms and short chain length 
low molecular weight polymers from diolefin and vinyl aryl monomers having up to about 25 units; and 
said substituted secondary amines have the general formula 



20 



25 



*2 



(*3> 




H H 
i I 
C-N 

l t 

*7*1 



where Ri , R 2 and R 3 are as described hereinabove and R 7 is H or R. 

24. A method of preparing a functionalized polymer, as set forth in claim 23, wherein said organolithium 
30 compound is n-butyl lithium and said substituted aldimine is dimethylaminobenzylidenemethylamine. 

25. A method of preparing a functionalized polymer, as set forth in claim 20, wherein said step of 
polymerizing is conducted at a temperature of about 30° to 120° C and for about 0.15 to 24 hours. 

35 26. A method of preparing a functionalized polymer, as set forth in claim 20, including the additional step of 
incorporating a second functional group onto said other end of said polymer. 

27. A method of preparing a functionalized polymer, as set forth in claim 26, wherein said second 
functional group is derived from a compound selected from the group consisting of compounds that will 

40 react at the site of the polymer bound carbon-lithium moiety. 

28. A method of preparing a functionalized polymer, as set forth in claim 27, wherein said compound is 
selected from the group consisting of substituted aldimines, ketimines and secondary amines; tin 
tetrachloride; Michler l s ketone; 1 ,3-dimethyl-2-imidazo!idinone; 1 -alkyl substituted pyrrolidinones and 1- 

45 aryl substituted pyrrolidinones. 

29. A vuicanizable elastomeric compound having reduced hysteresis properties comprising: 

an elastomeric polymer having chains carrying the functional group X at the initiator end, wherein X 
is the reaction product of a functionalizing agent selected from the group consisting of substituted 
so aldimines, ketimines and secondary amines; and an organolithium compound, wherein the lithium atom 
from said organolithium compound is carried at the other end of said polymer chain prior to quenching; 

from abput 5 to 80 parts by weight of carbon black, per 100 parts of said polymer. 

30. A vuicanizable elastomeric compound, as set forth in claim 29, wherein said organolithium compound 
55 has the general formula RLi where R is selected from the group consisting of alkyls, cycloalkyls, 

alkenyls, alkynyls, aryis and aralkyls having from 1 to about 20 carbon atoms and short chain length 
low molecular weight polymers from diolefin and vinyl aryl monomers having up to about 25 units. 
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31. A vulcanizabie elastomeric compound, as set forth in claim 30, wherein said substituted aldirnine has 
the general formula 



5 




where Ri is selected from the group consisting of aikyls and aralkyls having from 1 to about 20 carbon 
atoms, with the proviso that the carbon atom adjacent the nitrogen atom contains at least one 
hydrogen; R 2 is selected from the group consisting of dialkyl and dicycloalkyl aminos having the 
formula 



R 4 



20 




and cyclic amines having the formula 




R 5 N 

W 

30 

where FU is selected from the group consisting of alkyis, cycioalkyls or aralkyls having from 1 to about 
12 carbon atoms, where both FU's may be the same or different groups; R 5 contains from 3 to about 6 
methylene groups; R3 can be a alkyl group having from 1 to about 12 carbon atoms and n is a integer 
from 0 to 4; 

35 said substituted ketimines have the formula 



(*3>n ' 



*1 



45 where R1 and R 2 are as described hereinabove and R 6 is selected from the group consisting of alkyis, 

aryis, cycioalkyls, alkenyls and aralkyls having from 1 to about 20 carbon atoms and short chain length 
low molecular weight polymers from dioiefin and vinyl aryl monomers having up to about 25 units; and 
said substituted secondary amines have the general formula 



50 



«2 



(R3)n 




H H 
-N 



55 



where Rn , R2 and R 3 are as described hereinabove and R 7 is H or R. 
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32. A vulcanizable elastorneric compound, as set forth in claim 31 , wherein said organoiithium compound is 
n-butyl lithium and said substituted aldimine is dimethyiaminobenzyiidenemethylamine. 

33. A vulcanizable elastorneric compound, as set forth in claim 29, wherein said polymer chain comprises 
5 homopolymers of diplefins and copolymers thereof with monovinyl aromatic monomers and trienes. 

34. A vulcanizable eiastomeric compound, as set forth in claim 33, wherein said diolefin homopolymers are 
prepared from monomers selected from the group consisting of diolefins having from about 4 to 12 
carbon atoms and said monovinyl aromatic monomers have from 8 to 20 carbon atoms. 

10 

35. A vulcanizable eiastomeric compound, as set forth in claim 34, wherein said monomers are butadiene 
and styrene. 

36. A vulcanizable eiastomeric compound, as set forth in claim 29, further comprising a second functional 
15 group carried at said other end of said polymer chain. 

37. A vulcanizable eiastomeric compound, as set forth in claim 36, wherein said functional group is derived 
from a compound selected from the group consisting of compounds that can he incorporated onto said 
other end of said polymer chain by reaction at the site of the polymer bound carbon-lithium moiety. 

20 

38. A vulcanizable elastorneric compound, as set forth in claim 37, wherein said compound is selected from 
the group consisting of substituted aldimines and ketimines; tin tetrachloride; Michler's ketone; 1,3- 
dimethyl-2-imidazolidinone;1-alkyi substituted pyrrolidines and 1-aryl substituted pyrrolidines. 

25 39. A method for preparing vulcanizable eiastomeric compounds having reduced hysteresis properties 
comprising the steps of: 

polymerizing one or more anionicaily polymerizable monomers in the presence of an initiator 
comprising the reaction product of 

a functionalizing agent selected from the group consisting of substituted aldimines, ketimines and 
30 secondary amines; and 

an organoiithium compound to form an elastomer wherein a functional group derived from said 
reaction product is incorporated onto said polymer at the initiator end and the lithium atom from said 
organoiithium compound is carried at the other end of said polymer chain prior to cjuenchihg; and 

adding from about 5 to 80 parts by weight of carbon black per 100 parts of said elastomer to form 
35 a blend of said vulcanizable eiastomeric composition. 

40. A method for preparing vulcanizable eiastomeric compounds, as set forth in claim 39, wherein said 
organoiithium compound has the general formula RLi where R is selected from the group consisting of 
alkyls, cycloalkyls, aikenyls, alkynyls, aryls and aralkyls having from 1 to about 20 carbon atoms and 

40 short chain length low molecular weight polymers from diolefin and vinyl aryl monomers having up to 
about 25 units. 

41. A method for preparing vulcanizable eiastomeric compounds, as set forth in claim 40, wherein said 
substituted aldimine has the general formula 

45 



50 



R 2 j . H 

% i 




where Ri is selected from the group consisting of alkyls and aralkyls having from 1 to about 20 carbon 
atoms, with the proviso that the carbon atom adjacent the nitrogen atom contains at least one 
55 hydrogen; R 2 is selected from the group consisting of dialkyl and dicycioalkyl aminos having the 
formula 
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*4 




R 4 ' 



and cyclic amines having the formula 




70 



75 



20 



25 



30 



35 



40 



45 



50 



where FW is selected from the group consisting of alkyls, cycloalkyis or aralkyls having from 1 to about 
12 carbon atoms, where both FVs may be the same or different groups; R5 contains from 3 to about 6 
methylene groups; R3 can be an aikyl group having from 1 to about 12 carbon atoms and n is an 
integer from 0 to 4; 

said substituted ketimines have the formula 



where R n anc | r 2 ar e as described hereinabove and Rs is selected from the group consisting of alkyls, 
aryls, cycloalkyis, alkenyls and aralkyls having from 1 to about 20 carbon atoms and short chain length 
low molecular weight polymers from diolefin and vinyl aryl monomers having up to about 25 units; and 
said substituted secondary amines have the general formula 



where R1 , R2 and R3 are as described hereinabove and R7 is H or R. 

42. A method for preparing vulcanizable elastomeric compounds, as set forth in claim 41, wherein said 
organolithium compound is n-butyi lithium and said substituted aldimine is dimethylaminoben- 
zylidenemethylamine. 

43. A method for preparing vulcanizable elastomeric compounds, as set forth in claim 39, wherein said step 
of polymerizing is conducted at a temperature of about 30° to 120° C and for about 0.15 to 24 hours. 

44. A method for preparing vulcanizable elastomeric compounds, as set forth in claim 39, wherein said 
anionically polymerizable monomers are selected from the group consisting of dioiefins having from 
about 4 to 12 carbon atoms, monovinyl aromatic monomers having from 8 to 20 carbon atoms and 
trienes. 

45. A method for preparing vulcanizable elastomeric compounds, as set forth in claim 39, including the 
additional step of incorporating a second functional group onto said other end of said polymer. 
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46. A method for preparing vulcanizable elastomeric compounds, as set forth in claim 45, wherein, said 
second functional group is derived from a compound selected from the group consisting of compounds 
that will react at the site of the polymer bound carbon-lithium moiety. 

5 47. A method for preparing vulcanizable elastomeric compounds, as set forth in claim 46, wherein said 
compound is selected from the group consisting of substituted aldimines and ketimines; tin tetrachlo- 
ride; Michler's ketone; 1 ,3-dimethyl~2«imidazolidmone; 1-aikyl substituted pyrrolidinones and 1-aryl 
substituted pyrrolidinones. 

10 48. An improved tire having decreased rolling resistance resulting from a treadstock containing a vul- 
canizable elastomeric composition comprising: 

an elastomeric polymer having chains carrying the functional group X at one end, wherein X is the 
reaction product of a functionalizing agent selected from the group consisting of substituted aldimines, 
ketimines and secondary amines; and an organolithium compound, wherein the lithium atom from said 
15 organolithium compound is carried at the other end of said polymer chain prior to quenching; and 
from about 5 to 80 parts by weight of carbon black, per 100 parts of said polymer. 

49. An improved tire, as set forth in claim 48, wherein said organolithium compound has the general 
formula RLi where R is selected from the group consisting of alkyls, cycloalkyls, alkenyls, alkynyls, 

20 aryls, and araikyls having from 1 to about 20 carbon atoms and short chain length low molecular weight 
polymers from diolefin and vinyl aryl monomers having up to about 25 units. 

50. An improved tire, as set forth in claim 49, wherein said substituted aldimine has the general formula 



25 



30 



<*3>; 



35 



where Ri is selected from the group consisting of alky is and araikyls having from 1 to about 20 carbon 
atoms, with the proviso that the carbon atom adjacent the nitrogen atom contains at least one 
hydrogen; R 2 is selected from the group consisting of dialkyi and dicycfoafkyl aminos having the 
formula 



40 



*4 



R 4 




and cyclic amines having the formula 



so R 5 H— 

where R* is selected from the group consisting of alkyls, cycioaikyis or araikyls having from 1 to about 
55 12 carbon atoms, where both R*'s may be the same or different groups; Rs contains from 3 to about 6 
methylene groups; R 3 can be an alkyl group having from 1 to about 12 carbon atoms and n is an 
integer from 0 to 4; 

said substituted ketimines have the formula 
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*2 



(R3)n — ' 



R6 

ON-Ri 



10 



where Ri and R2 are as described hereinabove and Re is selected from the group consisting of alkyls, 
aryls, cycloalkyls, alkenyls and aralkyls having from 1 to about 20 carbon atoms and short chain iength 
iow molecular weight polymers from diolefin and vinyl aryl monomers having up to about 25 units; and 
said substituted secondary amines have the general formula 



75 



*2 




H H 
N 

*7Rl 



20 where R1 , R2 and R 3 are as described hereinabove and R7 is H or R. 

51- An improved tire, as set forth in claim 50, wherein said organolithium compound is n-butyl lithium and 
said substituted aldimine is dimethyiaminobenzylidenemethyiamine. 

25 52. An improved tire, as set forth in claim 48, wherein said polymer chain comprises homopolymers of 
diolefins and copolymers thereof with monovinyl aromatic monomers and trienes. 

53. An improved tire, as set forth in claim 52, wherein said diolefin homopolymers are prepared from 
monomers selected from the group consisting of diolefins having from about 4 to 12 carbon atoms and 

30 said monovinyl aromatic monomers have from 8 to 20 carbon atoms. 

54. An improved tire, as set forth in claim 53, wherein said monomers are butadiene and styrene. 

55- An improved tire, as set forth in claim 48, further comprising a second functional group carried at said 
35 other end of said polymer chain. 

56. An improved tire, as set forth in claim 55, wherein said functional group is derived from a compound 
selected from the group consisting of compounds that can be incorporated onto said other end of said 
polymer chain by reaction at the site of the polymer bound carbon-lithium moiety. 

40 

57. An improved tire, a set forth in claim 56, wherein said compound is selected from the group consisting 
of substituted aldimines and ketimines; tin tetrachloride; Michler's ketone; 1 ,3-dimethyl-2-lm- 
idazoiidinone; 1-alkyl substituted pyrroiidi nones and 1-aryl substituted pyrrolidinones. 

45 58. An improved tire, as set forth in claim 48, wherein said elastomeric polymer comprises at least about 
10 percent by weight of the total rubber in said composition, the remaining amount being selected from 
the group consisting of natural rubber, synthetic rubber utilizable as treadstock rubber and blends 
thereof. 

50 



55 
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